ABSTRACT Two studies were conducted to evaluate the effect of dietary Ca levels (low, 1% and high, 3%) on ileal endogenous amino acid losses (IEAAL) and standardized ileal amino acid digestibility (SIAAD) in broilers (BR) and laying hens (LH) fed nitrogenfree diets (NFD) and distiller's dried grain with solubles (DDGS)-based diets. A total of 384 male Cobb 500 BR and 288 LH were used in a completely randomized design (CRD) with 16 (BR) or 12 (LH) replicate cages with 6 birds/replicate. IEAAL and apparent ileal digestibility (AID) of AA were analyzed using the GLM procedure of SAS appropriate for a CRD while SIAAD values were analyzed using the GLM procedure of SAS appropriate for a 2 × 2 factorial arrangement of treatments. For BR, IEAAL and N losses (mg/kg of dry matter intake, DMI) were higher (P < 0.05) when NFD with high Ca level was fed (total AA was 39%, N was 35% higher). For most of the AA, AID was higher (P < 0.05) in BR fed DDGS-based diet with high Ca level. High dietary Ca resulted in higher (P < 0.05) SIAAD for all the AA except for Arg, Lys, Met, Cys, and Tyr. For LH, AID of AA was higher (P < 0.05) for the DDGS diet with high Ca level in 13 of the 18 AA evaluated. There was interaction (P < 0.05) between diet Ca level and correction method on LH SIAAD values for Thr, Asp, Gly, and Ser. The SIAAD values for 8 AA were higher (P < 0.05) in birds on high Ca DDGS diet. Correction with low Ca NFD resulted in higher (P < 0.05) SIAAD values for all the AA. Result from this study showed that high Ca increased total IEAAL in BR by 39% but decreased same by 27% in LH. Finally, SIAAD values were increased in BR fed high Ca DDGS-based diet while SIAAD value in LH was lower when correction was done using values from high Ca-NFD fed birds.
INTRODUCTION
More than 60% of poultry feed is plant-based, and energy and nutrients from these feed ingredients have to be digested and absorbed before they can be utilized by poultry. However, it is impossible for digestion and absorption to be absolute due to several factors that relate to the composition of the different feed ingredients as well as factors related to the animal (bird). In order to optimize the use of feed ingredients as well as to adequately meet the needs of the birds for energy and nutrients, diet formulation has moved away from total basis to digestibility basis, which could be either on apparent (Parsons, 1991; Lemme et al., 2004; Ravindran et al., 2005) , standardized (Adedokun et al., 2007; Bandegan et al., 2009; Frikha et al., 2013; Ullah et al., 2016) , or true (Sibbald, 1986; Green, 1987; NRC, 1994, Mutucumarana and Ravindran, 2016) basis. The difference between standardized ileal amino acid digestibility (SIAAD) and true digestibility values is that the former corrects only for the basal ileal endogenous amino acid (EAA) losses while the later corrects for both the basal as well as the diet specific EAA losses (Lemme et al., 2004; McDonald et al., 2011) .
Some of the advantages inherent in this shift include better use of alternative feed ingredients, reduction in feed cost, and uniformity in growth, especially between batches, as well as reduction in nitrogen (N) excretion into the environment (Lemme et al., 2004) . Some of these advantages are as a result of a reduction in the safety margin that is built into diet formulation because of the correction for basal ileal EAA losses. To take advantage of diet formulation on SIAAD basis, it is important that basal ileal EAA losses are accurately determined (Adedokun et al., 2011; Adeola et al., 2016) .
The secretion and loss of these amino acids (AA) from endogenous origin is nutritionally expensive to the birds, and it has been reported to result in a decrease in N (AA) digestibility in poultry (Cowieson et al., 2009; Adedokun et al., 2011; Adeola et al., 2016) .
The rate at which AA of endogenous origin flows into the gastrointestinal tract and mixes with the digesta depends on several factors. This flow is influenced by the age of the bird, the presence or absence of dietary protein in the test diet, the length of feeding of the diet as is the case with the nitrogen-free diet (NFD) method, the level and type of dietary fiber (Angkanaporn et al., 1994) , dietary electrolyte balance (DEB), dietary phytic acid or phytate, and exogenous phytase supplementation, to mention a few. These factors and how they influence basal ileal EAA losses in poultry and swine have been discussed (Adedokun et al., 2011; Adedokun and Applegate, 2014; Liu and Ru, 2010; Adeola et al., 2016; Nyachoti et al., 1997) .
Several studies have looked into the role and relationships between different dietary components such as calcium (Ca), phosphorus (P), and phytic acid with or without phytase supplementation on energy and nutrient digestibility (Agbede et al., 2009; Amerah et al., 2014) as well as on ileal EAA losses in poultry (Cowieson et al., 2004) . Some of the available information on ileal EAA losses estimation and SIAAD values in laying hens fed the same diets to both broiler chickens and laying hens for the sake of comparisons (Adedokun et al., 2015; Adedokun et al., 2009a; Ravindran and Hendriks, 2004) . However, there is a likelihood that, with respect to laying hens, the ileal EAA loss data and SIAAD data obtained from these studies may have been influenced by the relatively low level of Ca in the diets. The effect of this has not been extensively evaluated within the same study. Although the effect of dietary Ca level (low vs. high) on ileal AA digestibility in laying hens has been reported (Agbede et al., 2009) , the 2 Ca levels used in the study (Agbede et al., 2009 ) were higher (4.5 vs. 3.9%) than the levels used in the current study (1.0 vs. 2.8%). The question that arises is whether the low level of dietary Ca might have influenced the SIAAD values previously reported for laying hens. Hence, the objective of the current study was to evaluate the effect of 2 levels (low, 1.0% vs. high, 2.8%) of dietary Ca on ileal EAA losses, apparent ileal digestibility (AID), and SIAAD values in broiler chickens and laying hens.
MATERIALS AND METHODS
All practices of animal care and experimental procedures followed the standard operating procedures for the animal facility approved by University of Kentucky Animal Care and Use Committee.
General Bird Husbandry
Two separate experiments (one broiler and one laying hen) were conducted to evaluate the effect of 2 Ca levels on ileal EAA losses and SIAAD values of corn distillers' dried grain with solubles (DDGS). Broiler chicks were obtained from a commercial hatchery at hath and raised in cages in an environmentally controlled room. They were fed diets that met or exceeded their respective nutrient requirements (NRC, 1994) until they were placed on experimental diets. All birds had free access to feed and water throughout the study and mortality was less than 1% in broilers, with no mortality in laying hens. A total of 4 diets was fed in these studies. Two NFD and 2 DDGS-based diets. The analyzed nutrient composition of the DDGS used in these studies is reported in Table 1 . The predominant source of energy in the NFD was corn starch (84 and 78% for the low-and high Ca-NFD, respectively). Each of the NFD had 5% solkafloc (fiber source), while NaHCO 3 , KCl, MgO, and choline chloride were used to adjust the dietary electrolyte balance (DEB) of the diets. The DDGS-based diets consisted of 80% DDGS and 5.2 and 10.8% of corn starch ( Table 2) . Two of the 4 diets (one NFD and one DDGSbased diet) were formulated to meet Ca requirement for broilers (1.0%) while the remaining 2 diets (one NFD and one DDGS-based diet) were formulated to meet laying hens' Ca requirement (3%). The analyzed nutrient composition of the experimental diets are reported in Table 3 . Experiment 1. Three hundred and eighty-four 1-day-old male Cobb 500 broilers (average BW of 45, 450, and 570 g on d 0, 14, and 16, respectively) were placed on broiler starter diet that met or exceeded their requirements for nutrients and energy (NRC, 1994) until they were placed on the experimental diets (d 16 for the NFD study and d 14 for the DDGS study) after the birds were weighed and allotted to experimental diets such that the initial average body weight across treatments were similar (completely randomized design). The DDGS-based diets were fed for 7 d to allow for enough time for adaptation to the diets before sampling while the NFD diet were fed for 5 d to minimize stress as a result of a lack of protein in the NFD. Each of the 4 diets was fed to 16 replicate cages of 6 birds per cage (0.61 × 0.51 × 0.36 m). After the samples were processed (freeze-dried and ground), samples from 2 cages were pooled to give a total of 8 replicates per dietary treatment. This was done, especially for ileal digesta from NFD-fed birds, to allow for sufficient sample for chemical analysis. Experiment 2. Two hundred and eighty-eight Hyline W36 hens (70 wk in lay; 86 wk old) were used in this study (the choice of birds of this age was a result of availability). All hens were on standard layer diets until the start of the study when they were weighed individually and randomly assigned to experimental diets in a completely randomized design with 6 birds per replicate (3 adjacent cages with 2 birds per cage) and 12 replicates per dietary treatment. All birds had access to feed and water on an ad libitum basis and the experimental diets were fed for 5 d (NFD) and 7 d (DDGS-based diet). At the end of the trial, samples from 2 or more cages were pooled so as to have sufficient weight for chemical analysis (3 replicates/diet for the NFD group and 8 replicates/diet for the DDGS group).
Sampling and Ileal Digesta Processing
Ileal digesta was collected into a clean pre-labeled plastic container from the ileum (2 cm posterior to the Merkel diverticulum and 2 cm anterior to the ileo-cecalcolonic junction) by flushing with distilled water. Digesta from birds within a cage were pooled. Samples were stored at -20
• C until they were freeze-dried. Dried ileal digesta were ground using a coffee grinder while diets were ground to pass through a 0.5 mm screen using a mill grinder (Retsch ZM 100, Retsch GmbH and Co., K.G., Haan, Germany). All the ileal digesta samples were analyzed for DM, titanium, N, and AA.
Chemical Analyses
Duplicate proximate analyses were performed on diets and ileal digesta samples. Dry matter (DM) contents of the diets and ileal digesta were determined by drying the samples in a drying oven at 110
• C for 16 h (AOAC International, 2006; Method 934.01). Diets and ileal digesta were analyzed for titanium, N, and AA while diets and the DDGS sample were also analyzed for Ca, P, Na, K, and Cl. Samples were digested as described by Myers et al. (2004) , after which titanium concentration was determined by flame atomic absorption spectroscopy. Nitrogen was determined by the combustion method (model FP2000, Leco Corp., St. Joseph, MI; AOAC International, 2000; Method 990.03), with EDTA serving as the internal standard. Diets and DDGS contents of Ca, P, Na, K, and Cl as well as AA contents of the diets and digesta were determined at the University of Missouri Experiment Station Chemical Laboratory. Samples for AA analysis were prepared using a 24-h hydrolysis in 6 N hydrochloric acid at 110
• C under an atmosphere of N. For Met and Cys, performic acid oxidation was done before acid hydrolysis. Samples for Trp analysis were hydrolyzed using barium hydroxide. Amino acids in hydrolysates were determined by HPLC after post-column derivation (AOAC International, 2000; Method 982.30 E [a, b, c] ). Sodium, K, and Cl (titration method) concentrations in the diets were determined (AOAC International, 2000; method 976.25). Phosphorus contents of the diets were determined following nitric and perchloric acid wet-ash digestion by spectrophotometry (method 946.06, AOAC International, 2000) and absorbance read using a Dynex plate reader (Dynex Technologies Inc., Chantilly, VA). Calcium concentrations were determined from the same digest using flame atomic absorption spectroscopy method (Varian Spectr.AA 220FS, Varian Australia Pty Ltd., Mulgrave, Australia).
Calculation and Statistical Analysis
Ileal EAA and N losses were determined in broiler and laying hen fed the different NFD using the following formula:
Ileal EAA losses (mg/kg of dry matter intake, DMI)
where Ti i represents the concentration of titanium in the diet in g/kg of DM; Ti o represents the concentration of titanium in the ileal digesta in g/kg of DM output (DMO); N o represents the concentration of N or AA in ileal digesta in mg/kg of DMO.
Apparent ileal DM, N, and AA digestibility in broilers and laying hens fed DDGS-based semi-purified diets were determined using the following formula:
where Ti i represents the concentration of titanium in the diet in g/kg, Ti o represents the concentration of titanium in the ileal digesta in g/kg output; N i represents the concentration of DM, N, or AA in the diet in g/kg; and N o represents the concentration of DM, N, AA in ileal digesta in g/kg.
Standardized ileal N and AA digestibility were determined by correcting AID of N and AA for basal ileal EAA and N losses for the respective treatment groups using the following formula: SIAAD, (%) = AID (%) + 100
Each of the AID values were standardized using values from birds fed each of the 2 NFD diets (low and high Ca; correction method), giving rise to 4 SIAAD values for each of broiler and laying hen. The AID of AA were analyzed using the GLM procedure of SAS (SAS Institute Inc., Cary, NC) appropriate for a CRD while the SIAAD values were analyzed using the GLM procedure of SAS appropriate for a 2 (Ca level) × 2 (correction methods) factorial arrangement of treatments. Whenever the interaction is not significant, values for main effects of dietary Ca level and correction method are reported. Where necessary, means were separated using Turkey test with level of significance set at P ≤ 0.05.
RESULTS

Experiment 1
Broilers' ileal EAA and N losses (mg/kg DMI) were higher (P < 0.05) when NFD with high Ca level was fed (total AA increased by 39%; N increased by 35%; Table 4 ). The only AA of endogenous origin that was not influenced by the Ca level of the NFD was Cys (Table 4) . Apparent ileal digestibility values were higher (P < 0.05) for most of the AA (except for Arg, Lys, Met, Cys, Ser, and Tyr) in broiler fed DDGS-based semipurified diet with high Ca level (an increase of 13% for total AA; Table 5 ). There was no interaction between dietary Ca and method of correction (standardization), however, high dietary Ca resulted in higher (P < 0.05) SIAAD for all of the AA except for Arg, Lys, Met, Cys, and Tyr where there was no difference (Table 6 ). Although SIAAD values were numerically higher (total AA, 53 vs. 51%; N, 48 vs. 46%) when correction was done using ileal EAA loss values from birds that were fed NFD with high Ca level, this difference was not significant (Table 6 ).
Experiment 2
Ileal EAA losses were numerically higher in laying hens fed NFD containing low Ca level (total AA, 51, 193 vs. 37, 253; N, 10, 023 vs. 7, 194 mg/kg DMI); however, this difference was not significantly different for all the AA evaluated in this study (Table 7) . Apparent ileal digestibility of AA was higher (P < 0.05) in 13 of the 18 AA evaluated (except for Arg, Leu, Lys, Met, and Tyr) for the DDGS diet with high Ca level (Table 8) . Correction with low Ca NFD, irrespective of the Ca level in the DDGS-based diet resulted in higher (P < 0.05) SIAAD values for all the AA evaluated (Table 9) . Histidine, Ile, Leu, Phe, and Val SIAAD value were higher (P < 0.05) in birds fed high Ca DDGS-based semipurified diet. Interaction (P < 0.05) between diet Ca and correction method was observed for Thr, Asp, Gly, and Ser in laying hens fed a DDGS-based diet containing either low or high Ca level while correction using basal ileal EAA losses from laying hens fed low-Ca NFD resulted in higher (P < 0.05) SIAAD values.
DISCUSSION
Diet formulation on standardized or true ileal AA digestibility basis rather than on apparent ileal digestibility is important especially as it relates to feed cost and the level of N that is excreted into the environment. In order to take advantage of this, it is essential that ileal EAA losses used to standardize apparent ileal AA digestibility values are reliable. With differences in the composition of the NFD that are used to generate basal ileal EAA losses values, there is the possibility that this difference may influence SIAAD values reported. Based on this, the aim of the current study was to evaluate the effect of dietary level of Ca on ileal EAA losses, AID of AA, and SIAAD in broiler chickens and laying hens. Some of the available information shows that diets that were fed to both broilers and laying hens in digestibility studies had similar level of Ca (Adedokun et al., 2009a; 2015; Ravindran and Hendriks, 2004; Huang et al., 2006) , with the NFD meeting broilers' requirement for Ca whereas the requirement for laying hens was not met.
In the current study, similar diets (NFD and semipurified DDGS-based) were fed to both the broiler chickens and the laying hens. The only difference was that Ca requirement for each class of poultry was met. In Exp. 1 (broiler), the high Ca level resulted in a significantly higher level of EAA losses except for Cys, where there was a tendency for an increase in its endogenous loss with high dietary Ca level. The effect of Ca level on ileal EAA losses showed that Cys, Pro, Thr, and Ile were the AA that showed the least increase in endogenous losses with high Ca level (18, 30, 31, and 36%, respectively) . On the other hand, high dietary Ca level had the greatest effect on endogenous Trp, Tyr, Glu, and His losses (74, 66, 53, and 53%, respectively) . Overall, high dietary Ca level increased total ileal EAA losses in broilers by 39%. The relatively low ileal EAA losses in laying hens fed high Ca-NFD (vs. those fed low Ca NFD) compared to the opposite effect in broilers could be attributed to the fact that the laying hen's gastrointestinal tract was accustomed to relatively higher level limestone (an alkaline agent) hence the level of stability of the mucin layer in the tract may be relatively higher compared to broilers that were fed NFD with high level of Ca. Hence, the effect of Ca level on the pH of the gastrointestinal tract may have contributed to the differences in endogenous losses. Apparent ileal AA digestibility of the DDGS-based diet showed that high dietary Ca improved the digestibility of His, Ile, Leu, Phe, Thr, Trp, Val, Ala, Asp, Glu, Gly, Pro, and total AA. The greatest increase in apparent ileal AA digestibility as a result of high Ca level was seen in Trp, Thr, and Asp (179, 27, and 24%, respectively) with the least increase observed in Met, Tyr, Cys, and Arg (4, 5, 6, and 6%, respectively). Apparent ileal digestibility values in the current study are lower that what has been previously reported in broilers fed corn DDGS (Adedokun et al., 2015 (Adedokun et al., , 2009a Fastinger et al., 2006) . These low AID values, especially for Lys, confirm our suspicion that the DDGS sample used in this study might be of low quality based on its dark color (Parsons et al., 1992; Fastinger et al., 2006; Adedokun et al., 2009a) as previously reported. This effect has been attributed to heat damage during the process of ethanol production.
The main effect of Ca showed that high dietary Ca resulted in higher SIAAD values in broilers. After correcting for basal ileal EAA losses (Exp. 1), the SIAAD values of AA in broilers that were fed diet with high Ca level increased by between 3% (Met) and 65% (Trp) with the average increase of 14% (including Trp) or 11% (without Trp). This is interesting because the Ca level in the high Ca diet is higher than what was recommended for broiler. This observation is supported in part by higher ileal EAA losses in broilers fed high Ca-NFD. This may be as a result of the effect of high level of limestone (an alkaline agent) in the high Ca diet on the mucin covering of the gastrointestinal tract, which may result in relatively higher mucin loss into the lumen of the gastrointestinal tract. Interestingly, however, the effect of method of standardization (low or high Ca NFD) on SIAAD was not significant.
Unlike what was observed in Exp. 1 where high Ca-NFD resulted in significantly higher ileal EAA losses, the effect of high Ca-NFD in laying hens was the opposite (decreased). Although this effect in laying hens was not significant, it is important to note that this lack of significant difference may be attributed to the small number of replicates (3) as a result of having to pool digesta from 4 cages. Ileal EAA losses decrease by 27% (51,193 vs. 37 ,253 mg/kg DMI) in birds fed high dietary Ca compared to those fed low dietary Ca. Due to a lack of sufficient size quantity of digesta, we ended up pooling digesta from 4 cages to make 1 replicate. The order of AA as it relates to the decrease in EAA loss with high dietary Ca level was Tyr, Phe, Met, and Lys that decreased by 33, 33, 32, and 32%, respectively. On the other hand, the AA that were least affected by dietary Ca level were Cys, Pro, His, and Ser (20, 21, 26, and 26%, respectively) . High dietary Ca increased apparent ileal AA digestibility for most of the AA evaluated in this study (His, Ile, Phe, Thr, Trp, Val, Ala, Asp, Cys, Glu, Gly, Pro, Ser, and total AA). This increase in apparent ileal AA digestibility could be attributed to the fact that the high Ca diet contained adequate level of Ca for laying hens which may have facilitated an increase in digestibility and absorption of AA.
Data from Exp. 2 showed that the method of correction for basal ileal EAA losses was more pronounced than the effect of dietary Ca level on SIAAD in laying hens with correction using low Ca-NFD resulting in higher SIAAD values compared to when correction was done with NFD containing high dietary Ca. Contrary to this, only 8 of the 18 AA evaluated in this study showed an increase in SIAAD values with high Ca level. The dominant effect of correction method could be ascribed to the high (but not significant) basal EAA losses from birds fed the low-Ca NFD. Only 4 AA showed significant interaction between dietary Ca and method of correction (Thr, Asp, Gly, and Ser). In each of these cases (except for Asp), correction with EAA losses from birds fed low Ca-NFD (irrespective of the level of Ca in the DDGS diet) resulted in higher SIAAD values (data not shown). Values from laying hens fed low Ca-DDGS and standardized using EAA losses values from birds fed NFD containing high Ca were consistently the lowest and in most cases was not different from birds fed high Ca DDGS and correction using ileal EAA losses values from birds fed high-Ca NFD (data not shown).
The apparent ileal digestibility of DDGS in this study was lower than what has been previously reported for broilers (Adedokun et al., 2008 (Adedokun et al., , 2009a Fastinger et al., 2006) and laying hens (Adedokun et al., 2009a) . This effect could be due to the quality of the DDGS fed in these studies. Ileal endogenous values in broiler, irrespective of the level of dietary Ca was higher in laying hens compared to broilers. Ileal EAA values in the current study are higher, especially for laying hens, than what has been previously reported (Ravindran and Hendriks, 2004; Adedokun et al., 2009b) . The level of EAA loss in laying hen in this study could have been influenced by the stage of lay (age) of the birds. Laying hens used in the current study were older than in the 2 studies cited above. Results from this study showed that high dietary Ca increased ileal EAA losses, AID of AA, as well as SIAAD values of corn DDGS in broiler chickens. However, the effect of method of correction was not significant. In laying hens, dietary level of Ca in the NFD did not significantly influence ileal EAA losses but increased AID of AA as well as SIAAD values for about half of the AA evaluated in this study. Method of correction however, influenced SIAAD value with correction using low Ca NFD resulting in an increase in SIAAD values of the DDGS-based diet. In conclusion, dietary Ca level influenced SIAAD values in broilers more than the correction method while it was the opposite in the laying hens.
